Empirical studies of natural populations have commonly reported departures from Hardy-Weinberg expected proportions of heterozygote individuals. Recent advances in statistical population genetics now offer the potential to exploit individual multilocus genotypic information to test more rigorously for possible sources of heterozygote deficiencies. In a previous study in lacustrine brook charr (Salvelinus fontinalis), we reported stronger deficits in small than in large lakes. In the present paper, we propose a methodology for empirically testing alternative hypotheses to identify the cause of the deficits observed in three of the smallest lakes (85, 109 and 182 ha) analysed. First, as in several salmonid species, brook charr may exhibit a trophic polymorphism in north temperate lakes. If morphs are genetically divergent, indiscriminate sampling of both forms would result in less heterozygote individuals than expected
Introduction
In large and randomly mating populations of diploid species, the pairing of alleles within individuals can be predicted using binomial sampling properties according to Hardy-Weinberg equilibrium (HWE) . Interpretations of departures from these expected genotypic proportions have been a recurrent theme of both theoretical and empirical population genetics studies since their first formal stating by Hardy (1908) and Weinberg (1908) . Once artefactual sources of deficits have been discarded (eg, entirely or sporadically non-amplifying alleles : Callen et al 1993; Pemberton et al, 1995; Brookfield, 1996; Van Treuren, 1998; Wattier et al, 1998) , heterozygote deficiencies may be used to infer various aspects of breeding systems sensu lato, such as quantifying the rate of selfing (Jarne and Charlesworth, 1993; Viard et al, 1997; Enjalbert and David, 2000) or the levels of consanguineous matings in natural and captive populations of nonselfing organisms (Wright, 1921; Thornhill, 1993) . In in a randomly mating population (Wahlund effect) . Using an individual-based method aiming at detecting cryptic population structure, we can reject this explanation as the sole source of deficits for all three lakes. Secondly, mating among relatives could also be frequent in small lakes and lead to heterozygote deficiencies. Significantly more fish than expected at random had low individual multilocus heterozygosity in two of the lakes, suggesting that inbred fish may have been present. Thirdly, sampling of genetically related fish would also lead to departures from Hardy-Weinberg proportions. In the same two lakes, the distribution of pairwise relatedness coefficients departed from its random expectation, suggesting that non-random sampling of kin may have occurred. Heredity (2002) 89, 27-35. doi:10.1038/sj.hdy.6800089 largely outcrossing species, heterozygote deficits have commonly been interpreted as indirect evidence of the mixing of differentiated gene pools (Wahlund effect; Wahlund, 1928) , while, on the other hand, heterozygote excesses have been used to quantify the effective number of breeders in small populations (Pudovkin et al, 1996; Luikart and Cornuet, 1999) .
Overall, heterozygote deficiency in non-selfing, diploid populations is relatively common (see for example, Waldman and McKinnon 1993 for a review in fishes, amphibians and reptiles; Zouros and Foltz, 1984 in marine bivalves). Yet very few studies have been specifically aimed at systematically testing the possible causes of deficiencies (but see Christein et al, 1979; Zouros and Folz, 1984; David et al, 1997) . Typically, a biologically plausible explanation is suggested as the most likely source of heterozygote deficits, but there is often a lack of rigorous testing of the various alternative hypotheses (but see Overall and Nichols, 2001 ). The recent advances in statistical population genetics prompted by the use of highly polymorphic markers such as microsatellites now offer the potential of quantifying departures from HWE with high precision (Chakraborty and Zhong, 1993; Raymond and Rousset, 1995) and exploiting individual multilocus genotypic information to test more rigorously for possible sources of heterozygote deficiencies.
Heredity
Heterozygote deficiencies have been recently documented in lake populations of the brook charr (Castric et al, 2001 ), a freshwater salmonid whose movements in riverine habitats are restricted (Bélanger and Rodriguez, 2001) . Deficiencies were negatively correlated with lake size (ie, they were stronger in smaller lakes), so we focused here on three small lakes (size Ͻ200 ha) whose census size was sufficiently large to allow a temporal comparison by resampling a second year. Since technical artefacts, such as non-amplifying (null) alleles or selective amplification of shorter alleles would be systematic for all the analysed samples, they could not account for the relationship with lake size and could be ruled out (Castric et al, 2001) . We thus focus here on three competing hypotheses related to the biology of brook charr inhabiting small lakes.
First, heterozygote deficiency could result from a subdivision of the local population into isolated and differentiated reproductive units (Wahlund effect) . The coexistence of genetically isolated populations of the same species in single lakes is a common feature of many northern temperate freshwater fishes (reviewed in Taylor, 1999) . Typically, genetic differentiation among such populations is accompanied by differences in trophic related traits. Dynes et al (1999) recently documented that such a differentiation of sympatric lacustrine populations may also occur in brook charr. However, the extent of morphological differentiation between the two forms (benthic and pelagic) appears much subtler than that reported in other species. Consequently, the occurrence of sympatric but differentiated populations of brook charr in our samples may have remained undetected. Although the underlying mechanisms are still debated (Diekman and Doebeli, 1999; Kondrashov and Kondrashov, 1999) , intraspecific competition is believed to be one of the major causes of the divergence of sympatric populations of northern temperate lacustrine fishes (reviewed in Schluter, 2000) . If intraspecific competition is increased in smaller lakes because of more limited resources, the probability and intensity of population divergence could be higher in smaller lakes, thereby explaining the observed correlation between lake size and heterozygote deficiency due to Wahlund effect.
A second possible cause for the observed heterozygote deficiency is the mating of close relatives (Wright, 1921) . Although little is known about brook charr reproductive behaviour under natural conditions (but see Blanchfield and Ridgway, 1996) , kin recognition has been shown to occur in controlled environments (Hiscock and Brown, 2000) and could potentially bias the reproductive system towards inbreeding.
Finally, a third hypothesis could be the non-random sampling of members from a limited number of families. When few parents contribute to a given sample, the discreteness of the number of possible different genotypes leads to a slight heterozygote excess in the progeny relative to HW proportions in an infinite population with the same allele frequencies (Robertson, 1965; Crow and Kimura, 1970, pp 55-56; Pudovkin et al, 1996; Luikart and Cornuet, 1999) . However, when several familial groups are sampled, each involving only a limited number of progenitors, allele frequencies are expected to vary among such groups, even if progenitors are drawn from the same source population. Hence, when the progeny of several reproductive groups are pooled, heterozygote excess may be counterbalanced by a 'family' Wahlund effect, whose relative magnitude is not known (Pudovkin et al, 1996) . More specifically, it is unclear how the number of pooled reproductive groups may affect heterozygote proportions in the next generation. Because larger lakes potentially provide more suitable spawning grounds, the number of reproductive groups may be an important factor to consider in explaining the relationship between lake size and heterozygote deficiencies. Specifically, fish from small lakes could be derived from a few families only, and consequently the probability of sampling two related individuals is higher than expected in a randomly mating population .
In this study, we used an individual-based approach to analyse multilocus genotypic data from six microsatellite loci in order to test the above three competing explanations for the observed heterozygote deficiencies. We first tested the possibility of detecting a Wahlund effect using a maximum likelihood method and quantified the detection power of that method using permutation techniques. We then assessed the distribution of pairwise relatedness coefficients to test for the existence of a limited number of effective breeders producing a given cohort. Finally, we performed computer simulations to explore how the number of spawning grounds could influence departures from HWE.
Materials and methods
Lake size and interlocus variance of F IS We first extended the data analysis from the 22 lakes sampled in 1997 and included in Castric et al (2001) , which provided evidence of stronger heterozygote deficiency in smaller lakes. A systematic investigation of variation in F IS estimates f (in what follows, F IS and F ST will stand for their estimates by f and respectively, Weir and Cockerham, 1984) across loci was not performed in that study. We therefore plotted interlocus variance in fvalues against lake size and tested the correlation using Spearman's R.
Sampling and microsatellite data
If deficiencies proceed from a single cause, then it should be easier to identify in small lakes in which the signal is expected to come out stronger. Thus, with the aim of identifying the cause of heterozygote deficiencies and their variance across loci in small lakes, all further analyses focused on three selected lakes in which additional sampling could be performed in 1999. These lakes (Clish Pond, Robbins Brook Pond and Third Wallagrass Lake) were small (85, 109 and 182 ha) and differed in the distribution of heterozygote deficiencies among loci (Figure 1 ). Clish Pond was representative of most small lakes in Castric et al (2001) with strong and highly variable heterozygote deficiencies across loci. Robbins Brook Pond exhibited a slightly different pattern, with constantly strong deficits for all six loci. The third lake, named Third Wallagrass Lake, exhibited slightly positive but non-significant F IS estimates. In addition to those fish sampled in 1997 in Clish Pond (n = 28), Robbins Brook Pond (n = 28), and the Third Wallagrass Lake (n = 18), 34, 50 and 51 additional fish were respectively collected by successive trap net attempts at different locations of the same lakes in 1999. Total DNA was extracted from white muscle Figure 1 Correlations between lake size and (a) heterozygote deficiencies (f) (b) variance in f across six microsatellite loci. R is Spearman's non-parametric correlation coefficient. A log-linear curve was fitted on (b). Open circles are from Castric et al (2001) from which only populations with n Ͼ 20 were included, and black circles are additional data from this study.
tissue using phenol-chloroform protocol and fish were genotyped at six microsatellite loci as detailed in Castric et al (2001) .
Wahlund effect?
Fewer heterozygotes are expected than under random mating when differentiated gene pools are sampled together (cryptic population structure). This hypothesis was tested using a maximum likelihood (ML) method aiming at unravelling cryptic population structure. The null hypothesis was that fish from each lake are a representative sample of a single Hardy-Weinberg population, and the alternative hypothesis is that the sample is a mixture of two differentiated populations (benthic and limnetic in the present case, Dynes et al, 1999) . If fish collected in a lake actually belong to two differentiated subpopulations, the likelihood of a partition in two panmictic clusters should depart from its expected distribution under the hypothesis of no structure (a single panmictic population). We thus searched for the best (ie, most likely) possible partition in two independent panmictic clusters for each lake sample using a 'Simulated annealing' procedure (Kirkpatrick et al, 1983) . The present ML-based algorithm (PartitionML, available at http://www.univ-montp2.fr/ෂgenetix/partitionml.htm) provides the opportunity to compare conveniently the likelihood of different configurations and is a fast and complementary alternative to other approaches to the same problem that use more complex Bayesian statistics (Pritchard et al, 2000; Dawson and Belkhir, 2001 ). Following Paetkau et al (1995) and Rannala and Mountain (1997) , the likelihood criterion for a monolocus genotype being drawn from a cluster is calculated as p = x i 2 for homozygotes and p = 2 x i ,x j for heterozygotes (where x i is the frequency of the ith allele at this locus in the target cluster, the unknown x i values being estimated by their Heredity observed value in the cluster). These values are calculated for each locus and are then multiplied to give the likelihood of the individual's multilocus genotype. For a given partition of a sample into two clusters, the likelihood of the partition is given by the product of the likelihoods in the two clusters. This latter is the product of individual multilocus likelihoods calculated for each individual of the cluster. If fish sampled in single lakes actually belonged to two differentiated entities, this algorithm should sort individuals into these subpopulations. But because a model with two clusters (and hence more parameters) will tend to have a higher likelihood (ie, the algorithm will favour partitions with two clusters rather than one in any data set regardless of its relevance), the likelihood of partitions with one and two clusters cannot be directly compared. We thus tested whether the resulting clusters were significantly more likely than those found in the absence of subdivision. To this end, we generated the null distribution of the loglikelihood of the partitions proposed by the ML algorithm in each of 100 panmictic pseudo-samples generated by random permutation of monolocus genotypes of the real samples using genetix 4.02 .
Because an eventual lack of significance of the partitions could be due to insufficient statistical power of the algorithm, we empirically tested its ability to disentangle accurately individuals from composite populations at a given threshold of divergence (). To that end, simulations were performed using Easypop 1.7. (Balloux, 1999) . Genetic drift was simulated for 60 generations between two populations of varying size (50-100-200-400-800 and 1000) to generate various levels of divergence starting from randomly generated populations at six loci with nine alleles each. Individuals were then pooled into a single composite population and the percentage of correctly classified individuals by the ML partitioning algorithm was plotted against . To ensure concordance of the present ML-approach with Bayesian methods (Pritchard et al, 2000) , we ran the same analysis using both methods on the same simulated datasets.
Inbreeding?
When individuals differ in their inbreeding history, inbred individuals are more homozygous over all loci than expected based on their single-locus genotype frequency, and we should expect identity disequilibrium (Haldane, 1949; Bennet and Binet, 1956 ). The hypothesis that heterozygote deficiencies are due to the presence of inbred fish in samples was therefore tested by comparing the distribution of MLH (multilocus heterozygosity), ie the number of individuals heterozygous at 0, 1, 2%6 loci (Sved, 1968; Brown et al, 1980) with its expectation under random mating using a permutation test. The number of fish in each MLH interval in the sampled population was compared with its random distribution obtained from 1000 randomised populations in which alleles were randomly associated within individuals. Linear interpolation was used to include fish not analysed at all six loci, thus intervals rather than classes were used. A fish heterozygous at five loci over the six possible was included in the ]4,5] interval, while a fish heterozygous at five loci over five genotyped was considered fully heterozygote and thus included in the ]5,6] interval. Probabilities of observing fewer individuals in a given MLH interval than expected at random were then combined across the Heredity six samples using Fisher's method (Sokal and Rohlf, 1995) . Biparental inbreeding should result in a significant over-representation of low MLH classes compared to random expectations, that is a higher proportion of fish homozygous at several loci than expected by random mating.
Sampling from a limited number of families? Genetic relatedness of every pair of fish in each lake was estimated according to the pairwise identity coefficient of Mathieu et al (1990) , which computes the probability of identity by state at a locus of a pair's offspring weighted across loci. Queller and Goodnight, 1989; Lynch and Ritland, 1999) because of its substantially reduced variance (Belkhir et al, submitted) . Following a testing procedure first proposed by Blouin et al (1996) to classify individuals as full, half sibs or unrelated, we tested whether the relatedness pattern of fish collected in a given lake significantly differed from its null expectation in a panmictic population. The mean identity among all pairs of fish in a sample was compared with its expected distribution under the hypothesis of no relatedness obtained by random permutation of genotypes in 1000 randomised populations. Our approach thus differed from that of Blouin et al, (1996) in that relatedness was here considered at the population rather than at the individual level.
We also simulated the behaviour of heterozygote deficiency when only a few progenitors reproduce in each generation using Maple version 5.4 (Waterloo Inc, 1999) . One to 25 discrete spawning grounds (S) were generated, each composed of five males and five females (Quinn, 1995; Ridgway, 1997, 1999) whose genotypes were randomly drawn at a biallelic locus with frequency p and q. Fifty progeny were produced from each spawning ground using random drawings from male and female genotypes. All progenies were then pooled, and global heterozygosity of the system was computed and compared with Hardy-Weinberg expectations using observed allele frequencies in the progeny. F IS was estimated by (H E -H O )/H E . Because we were mainly interested in the change of F IS and var(F IS ) across loci with S, 250 independent biallelic loci (p = q = 0.5) were replicated for each value of S.
Results
Lake size and interlocus variance of F IS When including all 22 lakes previously reported in Castric et al (2001) , a significant correlation (P = 0.0041) was found between lake area and var(F IS ) indicating that F IS were not only higher but also more variable among loci in smaller lakes (Figure 1 ).
Heterozygote deficiencies in the three lakes
Contrasted levels of heterozygote deficiencies were observed among lakes as well as among sampling years (Table 1) . Clish Pond had the strongest and most variable levels of heterozygote deficiencies both in 1997 (f = 0.178, P = 0.001) and 1999 (f = 0.157, P = 0.007). Robbins Brook Pond also revealed strong positive f-values in 1997 (f = 0.167, PϽ0.001), but no significant departure (f = 0.002, P = 0.469) was observed in this lake in 1999. The Third Wallagrass Lake exhibited positive global heterozygote deficiencies, but they were not significantly different from zero following sequential Bonferroni correction either in 1997 (f = 0.083, P = 0.068) or in 1999 (f = 0.049, P = 0.05).
No evidence for allele frequency variation between sampling years was detected in Clish Pond and Robbins Brook Pond (F ST = 0.0051, P = 0.132 and F ST = 0.0051, P = 0.201), whereas both samples differed significantly, though slightly, in the Third Wallagrass Lake (interannual F ST = 0.026, P = 0.004).
Wahlund effect
Using simulated pools of distinct populations with known levels of divergence, the partitioning algorithm could classify individuals to their population of origin without error when approximately reached 0.10 ( Figure  2 ), in accordance with previous results (see Figure 3 in Cornuet et al, 1999) . At ϭ 0.05, over 90% of individuals were still correctly classified (Figure 2) . Results provided by the software Structure (Pritchard et al, 2000) were very similar (Figure 2 ), suggesting that both methods have similar efficiency in such simple situations. Because (1-F IT ) = (1-F IS )(1-F ST ), a given F ST between two pooled and panmictic (F IS = 0) differentiated units translates into a F IT of equal magnitude (regardless of the estimation bias of the parameter F ST when only two populations are considered, Weir and Cockerham, 1984) . Because the observed multilocus heterozygote deficiencies were superior to 0.10 in Robbins Brook Pond in 1997 and Clish Pond in 1997 suggests that the algorithm used should have been able to unambiguously detect a partition if the observed heterozygote deficiency resulted from a Wahlund effect between two differentiated entities.
Permutation tests indicated that this was not the case. In none of the lakes did the log-likelihood value depart clearly from that created by the partitioning algorithm in homogenised populations (Figure 3 , P Ͼ 0.05 in all cases). These results therefore argued against a Wahlund effect as a systematic explanation for the observed deficiencies.
Inbreeding
Evidence was found for a global shift of MLH towards lower individual heterozygosity than expected in randomly mating populations (Table 2 ). More fish heterozygous at three or less loci were observed than would have been expected if mating had been random (Fisher's method, d.f. = 12; P = 0.0022, P = 0.0001 and P = 0.0025 respectively for the three lowest MLH intervals), while no such departure was observed in the three highest MLH intervals (P = 0.8259, P = 0.9467 and P = 0.3834). This global trend was mostly due to fish sampled in 1997 in Robbins Brook Pond and in 1999 in Clish Pond ( Table  2 ), indicating that a higher proportion of inbred fish than Heredity randomly expected may have been collected in those two samples.
Relatedness
Evidence for relatedness was found in Robbins Brook Pond in 1997 and Clish Pond in 1999. The mean pairwise identity coefficient departed significantly from its expected distribution under the hypothesis of a random association of monolocus genotypes within individuals, as would be the case in a panmictic population ( Figure  4 ; two-tailed test, P = 0.006 and P = 0.024, respectively).
Sampling from a limited number of families?
Computer simulations showed that F IS was slightly negative (heterozygote excess) for low numbers of spawning grounds (S). There was however a rapid increase in F IS with S, closely approaching 0 when S reached approximately 3 ( Figure 5 ). The main effect of an increase in the number of spawning grounds was to asymptotically decrease the variance in F IS across independent loci, while the effect on mean F IS itself was much weaker unless S was very small. For any S, mean F IS was at least one order of magnitude smaller than its standard deviation. An increase in the number of spawning grounds with lake size could thus account for the correlation between lake size and variance of F IS estimates across loci (Figure 1b) .
Heredity

Discussion
The objective of this study was to find a biological explanation for the relationship between lake size and heterozygote deficiencies found in lacustrine brook charr populations in Maine. To that end, we focused on three relatively small lakes and tested three alternative hypotheses using multilocus microsatellite data. On the one hand, computer simulations provided support to the hypothesis that the observed decrease in variance of F IS estimates across loci with lake size could be explained by an increase in the number of reproductive groups involved in producing each cohort. On the other hand, none of the proposed explanations for increased F IS in smaller lakes could be given full support in all three lakes we used for hypothesis testing. A Wahlund effect was rejected in both years in all three lakes, while the presence of inbred fish (MLH distribution) in the samples, together with departures from the expected pairwise relatedness distribution, were detected in Robbins Brook Pond in 1997 and in Clish Pond in 1999, but not in any other sample. Although based on a restricted number of loci, our data thus suggested that no single explanation could account for both above-mentioned correlations. Fish sampled in Robbins Brook Pond in 1997 and in Clish Pond in 1999 exhibited strong heterozygote deficiencies (Figure 1 ). Significant departures from the expected relatedness were also detected, indicating that the progeny of a limited number of families only may have been sampled at these locations. A significant shift toward lowered individual heterozygosity further suggested that the relatedness detected may be associated with mating among relatives. Small population size alone cannot account for both observations, as random mating even in a small isolated population would not lead to lowered individual multilocus heterozygosity compared to random expectations (just as ambient inbreeding is different from consanguinity). Shoaling behaviour of kin, whereby genetically related individuals swim in cohesive groups, could possibly account for the observed relatedness and has already been reported in other fish species (Brown and Brown, 1996; Pouyaud et al, 1999; Gerlach et al, 2001; Krause et al, 2001) . As fish were collected in successive trap net attempts, kin swimming together in a shoal may have been sampled together. Kin recognition has recently been documented in the brook charr (Hiscock and Brown, 2000) and may provide further support to this explanation. Additional sampling and field behavioural observations in lakes of different size together with relatedness estimates would however be required to address this question, more specifically to compare brook charr shoaling and mating behaviour in lakes of different size.
A restricted number of spawning grounds in those two lakes may also potentially explain increased relatedness. If fish remain in the vicinity of their hatching location until maturity (see for example, Allendorf and Phelps, 1981; Hansen et al, 1997) , most individuals collected in those two small lakes could likely be derived from a small number of progenitors only. Mating could then be biased toward relatives if most dispersal opportunities are restricted to the close surroundings of the lakes. Such consanguineous matings would thus be more frequent in small than in larger lakes with numerous tributaries, because fish have access to a lower number of unrelated mates. This explanation is more parsimonious in that it only implies a limitation in dispersal opportunities in small lakes rather than a change in the pattern of mate choice. Because Hardy-Weinberg is an underlying assumption of the method aiming at detecting population substructure, such groups of related individuals (within which this assumption is not met, Figure 5 ) may have remained undetected. Although samples analysed in the present study were all collected in small lakes, relatedness and consanguinity were detected in Robbins Brook Pond in 1997 and in Clish Pond in 1999 only. In all other samples, heterozygote deficiencies, when present, were not consistently associated with significant departures in individual multilocus heterozygosity or relatedness. A lack of power of the analytic tools we used could maybe account for this. Population geneticists' attention was drawn by Chakraborty (1984) to the loss of information due to the use of as summary a statistic as individual multilocus heterozygosity. We used a non-parametric approach (permutation test) to circumvent the low power of chisquare tests in this context. Although several outcomes are non-significant, the combined tests were significant and the three highest MLH classes were underrepresented in most instances when compared to random expectations (P Ͼ 0.5 in 13/18 cases), while the three lowest classes were overrepresented (P Ͻ 0.5) in 17/18 instances. Altogether, this suggested that there may still Heredity exist a trend for lowered individual heterozygosity in our data. A second possible weakness of our analysis lies in the lack of precise knowledge of the detection power of methods designed to detect relatedness in natural populations. Identity, however, has been shown to exhibit considerably less variance than other published (Queller and Goodnight, 1989; Ritland, 1996; Lynch and Ritland, 1999) estimators of pairwise relatedness (Belkhir et al, submitted) . A systematic evaluation of the power of methods based on pairwise estimates would however be required to address this issue more conclusively.
Beside the potential weaknesses of analytic tools, the contrasting results we obtained between lakes and between years for the same lake may reflect spatial and temporal variations in ecological conditions. Namely, the number of suitable spawning grounds in a lake was found to be non-significantly correlated with lake size in a study of nine lakes (10 to 986 ha) from Ontario, Canada (Rigdway and Blanchfield, 1998) . Lake size alone may hence be an inaccurate predictor of the number of available spawning habitats, and some small lakes (such as for example, Third Wallagrass Lake) may potentially behave as lakes of a much larger area. Finally, inter-year variations in ecological conditions may also explain why the patterns in Robbins Brook Pond in 1997 and in Clish Pond in 1999 were not found again in 1999 and 1997, respectively. Ridgway and Blanchfield (1998) documented important inter-year variations in site use (less than 25% of all sites were used more than 2 out of the 4 years of the study despite strong competition for suitable spawning grounds) which may reflect extensive fluctuations in ecological conditions among years. If effects vary both among lakes and among years, a wider sampling design would be required to characterize finely the variation patterns in the specific mechanisms involved.
Altogether, the present test of alternative hypotheses allowed us to conclusively reject a Wahlund effect as the prime source of heterozygote deficiency, while providing indications that unexpected levels of relatedness and consanguinity occurred among fish in two of these small lakes. We therefore suggest that the correlation we observed between lake size and both heterozygote deficiencies and variance of heterozygote deficiencies across loci proceeds from two mechanisms. First, a direct increase in interlocus variance in F IS estimates, because lakes of limited size generally, but not necessarily, provide a small number of suitable spawning sites. Second, an indirect increase in F IS estimates, because fish that emerged in smaller lakes have less opportunities for dispersal and have therefore a higher probability of mating with relatives when compared with fish emerged in larger lakes. Because this signal was only detected in two of the six samples analysed in the present study and because only six loci were used, care should be taken before extending the phenomenon to all small lakes. Following this analysis, however, it remains as the most coherent explanation for the increase in both F IS estimates and interlocus variance in F IS estimates observed in small lakes.
